ABSTRACT
INTRODUCTION
Learning does not stop with the completion of a high school certificate or a higher education qualification. Our world is constantly changing and both universities and industry are now adopting strategies to integrate both education and training to support life-long learning (Eden et al., 1996) . With the growing influence of technology, many professionals, encouraged by their professional associations, have adopted the principles of continuing professional development (CPD) and life-long learning to maintain their continuing professional competence throughout their careers. As well as those professional bodies that encourage CPD, corporations are also discovering that training can lead to a positive return on investment. For example, Motorola estimates that every dollar spent on training will return thirty dollars in increased productivity over three years (Elkner, 2001 ).
However, the delivery of effective technology-based training requires the dedication of significant resources. There are substantial costs involved in the training activity itself; time is required to undertake the training, travel and accommodation costs can be substantial, and having to travel to a distant venue to undertake the training is often inconvenient.
There is also a perception that training in the use of equipment in technology-based areas requires expensive resources and hands-on training to be effective. This paper tests the hypothesis that equipment simulators can be an effective and efficient alternative to hands-on training in the use of sophisticated field equipment. Although GPS is used as a case study, it is believed the information is relevant to any general technical training, and is not limited just to surveying/geomatics training.
A common problem in teaching practical concepts is the lack of real-life experience of the concepts being taught. For this reason interactive delivery modes and the use of equipment simulations are seen as useful tools for technical education and training. Delivery mode is an important consideration for education because research indicates that to achieve effective understanding, trainees may need to process information in more than one mode (Fleming, 2002; Kolb, 1984) . Other researchers (Bell and Fogler, 1995; Fleming, 2002; Gibbings, 2003) have reported that the majority of trainees prefer a multi-modal approach to learning.
The VARK (Fleming, 2002) modal system is an approach to understanding people's preferences to learning methods. VARK is an acronym for:
• Visual (a preference for graphics); • Aural (a preference for voice and hearing); • Read/Write (a preference for written information); and • Kinaesthetic (a preference for learning by experience and practice).
Research using the VARK model indicates a high percentage of trainees prefer a combination of these delivery modes. This implies that technical training that makes use of simulators should include practical exercises that facilitate experience, reflection and feedback (kinaesthetic). Laurillard (2002) supports the view that interactive simulations in computer-based courseware can promote sound understanding of a subject area and support the concept of experiential learning.
Simulation and Problem Based Learning
Simulations enable complex theory to be understood through the use of realistic computer generated animations (Laurillard, 2002; . They are recognised as an efficient and effective way of teaching complex dynamic systems (Parush et al., 2002) and can provide multiple perspectives on knowledge (Davies, 2002) . Simulation environments encourage learners to manipulate parameters and to visualise results (Rose et al., 1998) . The use of simulations for teaching and learning are widespread in the sciences, engineering and geomatics (Bell and Fogler, 1995; Cole and Tooker, 1996; Davies, 2002; Nahvi, 1996; Rose et al., 1998; .
In academic settings, the emphasis is generally on development of concepts (Nahvi, 1996) and enhancement of lectures and tutorials. In industry, simulators are proving to be a cost effective training tool (Rose et al., 1998) . Simulators may be divided into two basic groups: inanimate (off-line) simulators and live (on-line, real-time) simulators (Nahvi, 1996) . Inanimate simulators provide powerful computational engines for analysis and design but allow limited user interaction or real-time capability. On the other hand, live simulators either require or encourage a high degree of interaction and attempt to closely simulate real-time results. Virtual reality (VR) is an emerging simulation interface characterised by immersion technologies that makes the user believe they are within the computer-generated environment (Bell and Fogler, 1995) .
Instructional guidance can also improve the impact of the simulation experience through the instructor providing an overview of the purpose of the simulation and assistance in the navigation through the simulation. The use of learning histories with simulation also has the potential to further improve the simulation experience (Parush et al., 2002; Yeh, 2004) through reflection and reinforcement. One disadvantage of simulators found by Davies (2002) was that learners were often forced into a particular type of behaviour by the simulation process. In addition, he identified that it is important for complex simulations to be authentic and non-trivial for students to successfully engage.
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Journal of Spatial Science Volume 50, Number 2, December 2005, pp. 79-89 Finnegan (2005) suggests that the use of problem/project based learning (PBL), and associated experimentation and interactivity with equipment simulators, will foster deep learning. PBL is a specific instructional approach that was first implemented by Howard Barrows in medical education in the early 1970s and has continued to be developed and refined (Barrows, 1994) . The approach encourages the learner to become involved in activities that simulate real life and follow specific problems that are structured to develop the learning process. Many instructional models across a range of disciplines have adopted a PBL approach (Funicane et al., 2001; Gibbings and Morgan (in press ); Johnston et al., 2000; Ping et al., 2001; Struijker-Boudier and Smits, 2002; Woods, 1985) . Shortis (2000) reported the development of a problem-based presentation on the web for teaching plane surveying. In this case the problem-based approach concentrated on design and analysis, and gave less emphasis to issues such as the fine details of instrument handling and field procedures. This approach provided trainees the benefit of being able to concentrate on learning general field procedures through simulations and animations without the intimidating effects of having to use complex instruments. As a consequence of this work, the benefits of simulated field-work have been demonstrated for both spatial science and other disciplines (Shortis, 2000) .
Although this work provides some evidence to support the proposition that equipment simulations and animations can be an effective training tool when used in a PBL context, a better understanding of the effectiveness of equipment simulators is required.
RESEARCH METHODS Evaluation and validation of GPS simulators was conducted by a survey methodology with a sample group of trainees completing a number of questionnaires throughout GPS training that utilised simulators. The target audience consisted of small groups of university students and participants from industry. It is noted that, although the trainees represented a wide cross section of experience levels, the small sample sizes limit conclusions that can be drawn. The participants' core skill level before and after training with the simulators was used as the basis of comparison. Initially an assessment was made of the knowledge levels and core attributes the users had before undertaking training using simulators. After the training an assessment was made as to whether or not the learning objectives were actually achieved as a result of the training. Thus, perceived and actual changes in the knowledge levels and core skill attributes of the participants were measured. The inference was that any gains in skill levels would be as a result of the training undertaken using equipment simulators.
Two different tests using simulators were undertaken. Evaluation A examined the effectiveness of interactive simulators through demonstration in a workshop environment. Evaluation B examined the effectiveness of interactive simulators used by trainees themselves.
Testing Procedure for Evaluation A
The effectiveness of training materials was assessed by presenting the materials to the sample groups in a face-to-face environment. Each training session comprised a PowerPoint presentation, discussion by the presenter and handout information. For this test, the use of a GPS controller/data collector was demonstrated with the aid of a fully functional simulator.
The trainer operated this simulator on a laptop computer and information was displayed on a screen via a data projector. The simulator was connected to a GPS antenna and receiver so that it behaved the same as the controller/data collector in a field situation (Figure 1 ).
Figure 1. TSC1 Controller (left) and Simulator (right). (Source: Trimble Certified Training material and TSC1 simulator 2002)
Fifteen participants in three separate groups were evaluated by a three stage questionnaire. Participants were asked to complete the first part of a questionnaire before they started the classroom session, the second section after the classroom session in which the simulator was used to demonstrate the equipment, and the last section after completing the field exercises in which they used the GPS controller in the field. The first part of the questionnaire examined the participant's experience with respect to surveying, GPS technology and the specific equipment. The second part of the questionnaire investigated the participant's perceptions about the quality and effectiveness of the training materials. The last part of the questionnaire related to determining the participant's actual ability to use the equipment in the field.
Testing Procedure for Evaluation B
The effectiveness of having trainees use the simulator themselves was evaluated by having them utilise the manufacturer's interactive CD, which provides instruction on the use of the GeoExplorer 3 mapping GPS (Figure 2 ). In this case, the participants themselves used the simulators. The GeoExplorer 3 is a hand held GPS receiver designed for geographic information systems (GIS) and mapping applications.
Figure 2. GeoExplorer 3 (left) and Simulator (right). (Source: Trimble's Certified Training Materials and GeoExplorer 3 simulator 2002)
The interactive multimedia CD contains a tutorial showing how to use the GeoExplorer 3 and is designed to help trainees learn how to use the system to collect and update data in the field.
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Journal This is achieved by stepping through a simulation project dealing with all stages of a real life project (a strategy supported by researchers such as Laurillard (2002) and .
The interactivity involved participants making several responses on the simulation screen when prompted by audio commands. Figure 3 illustrates how this interactivity and instruction is achieved.
Figure 3. GeoExplorer 3 CD instructions. (Source: Trimble's GeoExplorer 3 System Product Overview CD 2001)
Ten trainees were evaluated using a three stage questionnaire similar to the Evaluation A. The first part of the questionnaire was completed before they started the training, the second part was completed after training using the interactive CD, and the third and final part was completed after completing a field exercise using the GeoExplorer 3. The first part of the questionnaire evaluated the participant's experience with respect to surveying, GPS technology in general and the GeoExplorer 3 system. The second part of the questionnaire related to investigating the participant's perceptions about the quality and effectiveness of the training. The last part of the questionnaire related to assessing the participant's actual ability to use the equipment in the field and to perform specific tasks with the equipment. The responses were then used to gauge the effectiveness of both the PBL presentation and the interactivity with the equipment simulator in meeting learning objectives.
RESULTS

Evaluation A
The main focus of the assessment was to identify changes in the skill and knowledge levels the trainees possessed before and after the training. Any change was then assumed to be as a direct result of the training.
An assessment of initial skill and knowledge level revealed that whilst the trainees possessed a diverse range of surveying experience, their experience with GPS was generally minimal. Furthermore, all of the trainees reported less than average experience with the data collector (Figure 4) , and 10 of the 15 trainees reported never having used one before. After the workshop demonstrations of the simulator, trainees were asked if they were now confident that they would be able to use the data collector and software in the field. Responses are shown in Figure 5 .
Figure 5. Perception on confidence level after training with simulator
Responses indicate that, after the workshop demonstrations of the simulator, only 60 percent expressed some confidence that they would be able to effectively use the equipment in the field ( Figure 5 ). Only one participant indicated that they were not confident and this participant had no prior experience with the data collector. The confidence of participants was statistically correlated with both previous experience (r = 0.68), and their satisfaction with the training materials (r = 0.55).
It is interesting to compare the results on participants' confidence levels shown in Figure 5 with their actual ability in the field. Subsequent to a field exercise that required the use of the data collector, participants were asked if they were able to use the controller and software effectively in the field during the field exercise. Responses are shown in Figure 6 .
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Figure 6. Ability to use TSC1 after field exercise
Concerns of the 40 percent who did not express some confidence that they would be able to effectively use the equipment ( Figure 5 ) proved unfounded since all of the participants reported being able to effectively use the equipment in the field except one who was neutral ( Figure 6 ). It was concluded that confidence levels themselves are not necessarily a reliable indicator of actual ability.
Although some participants lacked confidence, 14 out of the 15 respondents agreed or strongly agreed that they could, in fact, effectively use the data collector in the field. The remaining respondent was neutral on this aspect. It was concluded that the simulator had been effective in teaching participants how to use the data collector even though the equipment had not been used in the field during the initial training.
Most importantly, the results suggest that it is possible to conduct effective training in the use of field equipment through the use of simulators alone. Using the equipment only served to add to the user's confidence in their ability. This has important implications for technical training, PBL and CPD.
Evaluation B
The group in the second evaluation represented a wide cross section of experience levels. Three of the participants indicated that they had less than one years surveying experience, whilst four of the participants indicated that they had greater than ten years surveying experience. All trainees had less than five years general experience with GIS. All of the trainees reported less than average experience with the GeoExplorer 3 (Figure 7) , and seven of the nine trainees reported never having used one before. 
Figure 8. Interactive Training Explained Concepts and Communicated Information Clearly
When asked if the interactivity (with equipment simulator) helped them understand the operation of the GeoExplorer, 100 percent of participants agreed or strongly agreed that it had helped their understanding. This is a strong indication that the interactivity with the equipment simulator was effective in teaching the use of the equipment without actually having to demonstrate the equipment itself in the field. All of the participants agreed or strongly agreed to the suggestion that the presentation of the information in several exercises in a realistic project helped them understand it. Figure 9 summarises the results to this question.
Figure 9. Realistic Exercises Helped Understanding
This reinforces findings from the theory that the use of interactivity with equipment simulators, particularly presented in a PBL environment, is an effective way of delivering GPS training.
Responses to questions indicate that the interactivity with equipment simulators was also effective in giving participants confidence in their ability to use the equipment. This understanding of the operation of the equipment was achieved by using the interactive equipment simulators: no participant had access to the equipment at this stage.
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After using the equipment in the field only two participants disagreed that they could have attained the same level of ability in using the GeoExplorer by training with an expanded version of the interactive CD and simulator on the Internet. Four participants agreed with this suggestion with the remaining three being neutral. Results are summarised in Figure 10 . The respondents who disagreed with this suggestion had some experience with GPS and GIS before the training course. One had more than ten years surveying experience and the other had no surveying experience. Neither had any experience with the GeoExplorer before the training. Therefore, it is considered likely that the need for some level of hands-on training may be more of a personal issue than being related to the pre-existing level of experience. These findings indicate that some level of hands-on training (or training by some other mode) may be needed regardless of how confident participants are in using the equipment after any interactive training.
All participants agreed or strongly agreed that they were able to use the GeoExplorer and software effectively in the field. Figure 11 provides a summary of responses to this question. Note that this high level of competence was achieved from training with the interactive equipment simulator alone.
Figure 11. Could use the GeoExplorer 3 effectively in the field?
Nine core areas of competence were identified to determine if the training with the interactive equipment simulator was effective. Participants were asked after the field exercise if they could:
• Turn the instrument on • Log area information • Attach Data Dictionary and Attribute information to logged GPS data.
Of the nine main areas of competence identified in the questionnaire, 100 percent believed they had achieved six of them, 78 percent believed they had achieved eight, while 56 percent believed they had achieved all nine. Results are summarised in Figure 12 .
Figure 12. Ability in core skill areas after the training and field exercise
It is considered that this is a strong indicator that learning objectives had indeed been achieved by training with the interactive simulator alone.
These results indicate that interactive GPS training using equipment simulators presented in a suitable environment can be effective in teaching operations of field equipment. The success of the simulators implies that effective training can be carried out without having to take the equipment into the field for training. However, the results also indicate that this is not the case for all people, and some at least will still need some hands-on training with the equipment to reach an acceptable level of competence and confidence. From this analysis it can be concluded that the interactivity with equipment simulators was a critical component of the learning process.
There is also evidence that those who gained a sound general understanding of the GeoExplorer 3 concepts from the interactive training did so in several (or all) areas of its operation including downloading and field data processing. This indicates that interactivity with equipment simulators can be effective for different types of applications other than training for field operations.
DISCUSSION
Great difficulty was experienced in getting large numbers of respondents to the questionnaires since the evaluations were conducted before, during and after formal commercial training. The sample sizes were small because the time required to undertake the testing was considerable, and in some cases also involved considerable financial expense for the participants. Therefore, in some instances, extrapolation of these figures has occurred from less than optimal sample numbers. Nevertheless, because the samples were considered representative of young surveyors across a wide range of the profession, the results are considered valid and in each case are adequate for the purposes of this research.
The results indicate that interactivity with equipment simulators in a workshop environment can be very effective as a learning tool. The case studies also show that it is possible to effectively train people in both fundamentals and operation of complicated field equipment without actually using the equipment itself in the field.
The studies indicated that confidence levels themselves are not a reliable indicator of actual ability. Using the equipment after appropriate training only served to increase confidence levels. It was shown that the trainee's skill and ability could be brought to an adequate level by training, in an appropriate manner, with interactive equipment simulators alone, and that this could be done regardless of what their initial confidence indicated.
It is recognised that the success of the training delivered in a face-to-face environment is a function of both the effectiveness of the materials, and the competence of the trainer. It is therefore recommended that an attempt be made to estimate the impact of these two elements to determine to what extent conclusions drawn from testing in the face-to-face mode can be extrapolated to web-based delivery.
The Internet has the pedagogical (and perhaps economic) advantage of being able to combine several delivery modes in a single user interface. This is important as research suggests that a multimedia approach will be most effective for the delivery of training in technical areas. Nonetheless, indications are from other research (McDougall et al., 2003) that, for a small minority, the web may not be the most appropriate or effective technology to use for the delivery of training and alternative strategies may need to be put in place. Furthermore, it has been suggested that students learn best when a variety of teaching methods are used (Bell and Fogler, 1995) . It should also be recognised that the efficiency gains from web-based training can easily be negated if the quality of the learning materials is poor (Psaromiligkos and Retalis, 2003) . As well as these pedagogical reasons, it may also be inconvenient to present training on the Internet because of issues such as download times, feedback, response times and maintenance.
However, the media used for existing or new training in the use of equipment may change from the face-to-face approach that has traditionally been used. Interactivity and PBL were identified as critical elements in the design of effective technical training when simulators are used. This may mean some consequential changes to the design and development of training materials. The findings of these case studies are useful for the design and development of training using a PBL approach in general and may impact on how teaching is carried out in the future.
Although the sample sizes in the evaluations are less than optimal, there is a strong indication that training using equipment simulators has been effective, and may be able to replace some, or all, of the practical component of equipment training. At the very least, using simulators for technical training should make any hands-on training that might be required much easier and more efficient to conduct because of the prior exposure to techniques and methods. Therefore, the training can concentrate on practical aspects only, thereby saving considerable time at the training sessions. The practical training could also be conducted at a more advanced level because there would be an expectation that participants at these field sessions would have already reached an advanced level of knowledge and understanding.
Although the evaluations involved GPS training, it is believed the findings may be relevant to training in any similar technology-based fields that require the use of sophisticated equipment. Other technology-based areas that the research may be applicable to include: general surveying, geomatics, geographic information systems, information technology, engineering and science. This is consistent with the findings of others (Shortis and Cartwright, 2002) who recognise the substantial parallelling of developments in online training in the spatial sciences with other discipline areas. The results of this research indicate that, if developed appropriately, technology-based training using equipment simulators can be effective in meeting the learning objectives of trainees in a technical environment. The use of equipment simulators is in harmony with the emerging paradigm in professional education that recognises the need to produce graduates with the skills necessary to cope with constantly changing technology. Interactivity and PBL were identified as important elements in the design of effective technical training when simulators are used.
This paper has demonstrates that use of equipment simulators for technical training can be an effective strategy in training for the use of complex equipment and in meeting the learning objectives of trainees. If training is appropriately designed, developed and presented, it may take the place of at least some of the traditional face-to-face and hands-on instruction with equipment that has been considered essential in the past. Simulators can be used by trainees before attending formal training, such as workshops and practical field exercises, enabling subsequent hands-on training sessions to be conducted at a more advanced level. This may lead to significant savings for both the trainees and the trainers, which has ramifications for educators and CPD providers.
